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Abstract: Bone is a common site of advanced cancer metastasis, second only to the lungs and liver. Cancer-induced bone pain (CIBP) 
is a persistent and intense pain that is caused by a combination of inflammatory and neuropathic factors. As CIBP progresses, the 
degree of pain intensifies. Despite advancements in medical technology, the treatment outcomes of patients with CIBP remain 
unsatisfactory, and severe pain can typically only be controlled with opioid medications. However, patients treated with opioid 
medications often develop tolerance. Therefore, they may require dose increases, which can increase the severity of opioid-induced 
side effects, in turn influencing quality of life. The peripheral mechanisms of CIBP primarily involve bone tissue damage, tumor 
microenvironment formation, and changes in the dorsal root ganglion. The central mechanisms usually involve biochemical and 
electrophysiological changes in the spinal cord and brain. The spinal cord is the main processing center for nociceptive signals. When 
tumor cells produce inflammatory mediators that acidify the microenvironment or damage nerve endings, the spinal cord becomes 
excessively stimulated, resulting in increased or prolonged pain signals that propagate to the higher central nervous system through the 
ascending pathway. There are substantial differences in the pain generation mechanisms between CIBP and common inflammatory and 
neuropathic pain. Therefore, understanding the mechanisms underpinning CIBP development at the level of the spinal cord is crucial 
for optimizing pain management. This study explores the pathogenesis of CIBP at the level of the spinal cord and describes recently 
proposed treatment methods for CIBP. 
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Introduction
Bone is a common site of metastasis for many malignant tumors. Tumor cells colonize in the vascular microenvironment 
of the bone marrow, supporting cell growth, metastasis,1 tumor growth, and invasion.2 Some types of cancer are prone to 
bone metastasis, including breast cancer, especially estrogen receptor-positive breast cancer, and prostate cancer, for 
which the incidence of bone metastasis is 53.71% and 88.74%, respectively.3 Other types of cancer that are prone to bone 
metastasis include thyroid, kidney, lung and bladder cancer, for which the incidence of bone metastasis is reported to be 
20.29%, 38.65%, 36.86% and 31.08%, respectively.3

With medical advances, the survival time of patients with tumors has increased, however, the phenomenon of bone 
metastasis is also increasing. Bone metastasis can lead to pain, pathological fractures, and other manifestations, which 
cause patients to experience severe pain. Moreover, once tumors have metastasized to bone, they are generally incurable. 
Therefore, current treatment methods are mainly palliative, including acupuncture, opioids and analgesics, radiotherapy, 
and behavioral therapies. Radiotherapy and behavioral therapy, aim to reduce patients suffering and improve quality of 
life.4

Cancer induced bone pain (CIBP) is a complex type of pain induced by primary bone tumors or bone metastases in 
patients with advanced cancer. Owing to its unstable onset time and severity, CIBP seriously affects the quality of life of 
affected individuals. With the development of medical technology, the survival time of patients with CIPB is gradually 
increasing. However, the incidence of CIBP is also increasing, and according to a previous study, 31.8% of patients with 
cancer are still undertreated.5
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CIBP is a complex pain state with a multifactorial pathogenesis that involves inflammation, neuropathic processes 
and tumor specific mechanisms. The peripheral mechanisms of CIBP mainly involve interactions between bone cells, 
tumor cells, immune cells, and nerve fibers in the tumor microenvironment. These peripheral mechanisms can lead to 
central nervous system (CNS) excitability activation, driving neurons in the brain and spinal cord to adopt 
a hypersensitivity state. This is accompanied by a series of biochemical reactions in the microglia, astrocyte, and 
immune cells. Collectively, these pathological changes lead to the sensation of pain.6,7

The spinal cord is the main pathway for information exchange between the brain and peripheral nerve fibers.8 Most of 
the sensory fibers from the dorsal root ganglion (DRG) pass through the dorsal root and converge in the dorsal root entry 
zone. The dorsal horn of the spinal cord is the first level of modulation for nociceptive conduction. Destruction of the 
dorsal horn may destroy the central part of the posterior spinal root, Lissauer’s bundle, and the neurons of layers I–IV of 
the posterior horn of the spinal cord, eliminating the production and conduction of pain signals in this area, thus 
achieving pain relief. The dorsal horn of the spinal cord is a major site involved in the regulation of upward and 
downward pain pathways, with the majority of Aδ and C fibers terminating in laminae I–II, and Aβ fibers projecting to 
laminae III–IV. Neurons with a wide dynamic range are distributed throughout the dorsal horn of the spinal cord, but they 
are predominantly present in lamina V, which receives both injurious and non-injurious sensory information as well as 
sensory inputs from visceral and somatic sources. Enthesopathy is the phenomenon of convergence of visceral and 
somatic sensations.

In patients with CIBP, noxious stimuli are transmitted to the brain via the spinal cord. The stimulated nerves tend to 
undergo specific changes at the level of the spinal cord, which in turn affects the overall environment within the spinal 
cord. Therefore, understanding how the spinal cord integrates the stimuli underpinning CIBP signals is crucial for 
effective pain relief. This review aims to summarize the recent advances in studying the mechanisms of CIBP and 
explain the cellular and molecular mechanisms of CIBP at the level of the spinal cord.

CIBP After Bone Metastases
The main pathological mechanisms of CIBP include peripheral and central sensitization (Figure 1). The peripheral 
mechanisms mainly include bone tissue damage, changes in the local tumor microenvironment, and alterations in the DRG.

Due to the Warburg effect of tumor cells, even in the presence of sufficient oxygen, glucose tends to be converted to 
pyruvate, leading to lactate formation.9 This active metabolic reprogramming supports the biosynthetic requirement of 
sustained tumor proliferation, malignant progression, tumor microenvironment formation, and cell signaling.10,11 Blood 
flow in the bone marrow is abundant but slow. These characteristics provide a fertile environment for tumor cell growth, 
making it easy for tumor cells to attach to the bone surface and metastasize. In addition, the imbalance between the 
activity of osteoblasts and osteoclasts, stimulation of nerve fibers around bone, and the acidity of the environment further 
promote CIBP.7,12,13

Once the tumor cells have implanted into bone to form bone metastases, an imbalance between osteoclast and 
osteoblast activity (that is, an imbalance between bone formation and bone resorption) occurs. Specifically, increased 
osteoclast function promotes the proliferation of tumor cells. Osteoclasts promote tumor cell survival under treatment 
with DNA damaging agents by producing glutamine.14 The secretion of interleukin(IL)-19, which binds to IL-receptor 20 
subunit β (IL20RB) by osteoclasts promotes JAK1/STAT3 pathway activation in tumor cells expressing IL-20RB, 
thereby promoting tumor cell proliferation.15 In addition, after osteoclasts apoptosis during bone formation, a large 
number of apoptotic bodies are produced, which inhibit the activation of naïve CD8+T cells and promote cancer cell 
proliferation and spread.16 However, tumor cells also promote osteoclastogenesis by upregulating CUB-domain contain
ing protein 1 expression on extracellular vesicles in the presence of receptor activator of nuclear factor(NF)-κB ligand, 
culminating in vicious cycle.17 Therefore, studies and drug development attempts are underway to target the regulation of 
osteoclast function as an anti-tumor strategy, including research on colony stimulating factor-1 receptor, Siglec-15, and 
p38 mitogen activated protein kinase, amongst other osteoclast inhibitors.18–21

Tumor cells also secrete neurotrophic factors/cytokines which promote the growth of nerve fiber axons and lead to 
perineural invasion (PNI), Sympathetic nerves promote cancer tumorigenesis and progression, while, parasympathetic 
and sensory nerves have anti-tumor effects.22 Neural fibers can also act on various immune cells in the tumor 
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microenvironment by releasing neurotransmitters. Therefore, the response of patients to immunotherapy can be predicted 
by evaluating PNI mediated inflammation.23–26

The Warburg effect mentioned above and the increased expression of hypoxia-inducible factor-α in tumor cells increase, the 
production of protons (H+)/lactate ultimately leading to an acidic tumor microenvironment.27,28 In addition, tumor cells mediate 
tumor immunity and promote tumor progression by secreting high mobility group box 1 and nerve growth factor.29–32 These 
substances as well as H+ activate transient receptor potential channels, vanilloid subfamily member 1 (TRPV1),33,34 acid-sensing 
ion channel 3,35 and the non-receptor tyrosine kinase Src,36 thereby facilitating the conversion of chemical signals into electrical 
signals. The electrical signals are further transmitted to the spinal cord through the DRG, completing the first stage of signal 
transmission. The primary afferent nerve axons that transmit pain signals are myelinated Aδ fibers and unmyelinated C fibers, 
with their neuronal bodies located in the DRG. The DRG also mediates the transmission of pain signals through TRPV1/ 
TRPV4.37–39

Spinal Mechanisms
Inflammatory pain is Inflammatory pain is mainly caused by tissue damage or infection, while neuropathic pain is more 
related to nervous system damage or abnormal neuronal excitability. In addition to the characteristics of inflammatory 

Figure 1 Mechanism of CIBP. Pathological fracture and cytokines in the tumor microenvironment stimulate nerve fibers. After peripheral injurious signals are transmitted 
into the spinal cord via the DRG, primary processing and integration of the information activates the relevant brain regions, leading to CIBP development. Created in 
BioRender. Tudou, T. (2024) https://BioRender.com/y82r393. 
Abbreviations: CIBP, cancer-induced bone pain; DRG, dorsal root ganglion; DLPFC, dorsolateral prefrontal cortex; mPFC, medial prefrontal cortex; ACC, anterior 
cingulate cortex; PAG, periaqueductal gray.
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and pathological pain, CIBP also involves the interactions between tumor cells, bone cells, and immune cells, amongst 
other cell types. At the level of the spinal cord, neurons exhibit a decrease in the threshold for harmful stimuli, leading to 
central sensitization. However, the changes in spinal glial cells are not exactly the same between these types of pain. The 
central mechanisms underlying CIBP generally involve biochemical and electrophysiological changes in the spinal cord 
and brain. The spinal cord receives pain signals from the activation of nociceptive sensory neurons and is the primary 
center for pain signal processing and integration. Primary sensory neurons project to the spinal cord and brain stem 
through the DRG and trigeminal ganglia, while second order neurons project to the brain through the spinal cord, which 
mediates the sensation of pain. The spinal cord is a crucial connecting pathway between the brain and the peripheral 
nervous system.

Neuron-Glia Crosstalk
Microglia
Microglia and astrocytes are the main glial cell types in the CNS. The microglia are mainly distributed in the cortex of 
the brain, the cerebellum, and the gray matter of the spinal cord. They are the first immune cells to respond to CNS injury 
and are resident macrophages in the CNS. They participate in various immune responses together with infiltrating 
macrophages. Under pathological conditions, the microglia rapidly polarize into the M1 phenotype, releasing pro- 
inflammatory factors, such as IL-1β and TNF-α, which participate in the sustained inflammatory response. Microglial 
polarization toward the M2 phenotype is believed to have anti-inflammatory effects, secreting various anti-inflammatory 
factors, including IL-10, growth factors, and neurotrophic mediators.40,41 Therefore, activated M1 microglia participate 
in pain induction and exist in parallel within pain response, while M2 microglia play an anti-inflammatory role and 
suppress pain.42,43 A previous study showed that in neuropathic pain, the microglia transition from the resting to the 
activated state, and inhibition of microglial activation attenuates hyperalgesia and allodynia.44 However, the role of the 
microglia in CIBP is highly controversial.

A previous study showed that, in the spinal cord of a CIBP model, chemokine monocyte chemoattractant protein-1 
stimulated the spinal microglia through activation of the PI3K/Akt pathway, and inhibiting this pathway alleviated 
CIBP.45 The extracellular adenosine triphosphate (ATP)-gated channel P2X receptor (seven genes [P2X1-P2X7] encode 
P2X receptor subunits) is a non-selective cation channel that is permeable to sodium, potassium and calcium. The 
binding of ATP to the P2X receptor regulates opening and closing of the channel.46 Activation of P2X4 and P2X7 
receptors expressed by the spinal microglia damages the nervous system by promoting the release of pro-inflammatory 
factors (IL-β, TNF-α), ultimately leading to pain.47,48 In contrast, the P2Y receptor (eight genes [P2Y1, P2Y2, P2Y4, 
P2Y6, P2Y11, P2Y12, P2Y13, P2Y14] encode the P2Y receptor subunits) is a G-protein-coupled receptor that is present in 
virtually all cells and that mediates inflammation and pain.49 Activation of P2Y12 receptors expressed on the spinal cord 
microglia mediates CIBP development by promoting the secretion of pro-inflammatory factors (IL-1β, IL-6, TNF-α).50

Chemokines are cytokines that regulate the migration of immune cells, and the CXC chemokine family plays an 
important role in communication between tumor cells and their microenvironment, promoting angiogenesis, stimulating 
the inflammatory response, and facilitating tumor metastasis.51,52 In the spinal cord, microglia, astrocytes and neurons 
express CXCR4 and participate in CIBP production by activating downstream signaling pathways, including the ALK5/ 
Smad3 signaling pathway, RhoA/ROCK2 pathway and CaMKII/CREB pathway.53–55 Therefore, it has been suggested 
that the inhibition of glial cell-derived proinflammatory factors, cell surface receptors, and intracellular signaling 
pathways may be beneficial for pain management in patients with terminal cancer.56

Morphine is often used clinically in the terminal stage of cancer to relieve severe pain. However, patients who use 
morphine for a long period of time usually develop morphine tolerance. It has been found that pro-inflammatory factors, 
such as IL-1β and TNF-α, which are secreted by M1 microglia, promote the development of morphine tolerance. 
Decreasing the secretion of these pro-inflammatory factors, increasing the secretion of anti-inflammatory factors (IL-10, 
TGF-β), and promoting the transition of M1 microglia to the M2-phenotype have been shown to inhibit morphine 
tolerance, contributing to morphine analgesia.57 In addition, naringenin, which is mainly derived from citrus fruits, also 
has certain potential for treating cancer.58 It inhibits TNF-α in peripheral bone tissues and serum, as well as promoting 
the polarization of M1 microglia to M2 microglia by activating the adenosine monophosphate-activated protein kinase/ 
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peroxisome proliferator-activated receptor γ coactivator 1-α pathway. It is also a potential therapeutic drug for alleviating 
CIBP.59,60

Although the above studies have shown that activation of the spinal microglia occurs in CIBP and facilitates the 
formation or maintenance of CIBP, other studies have suggested that CIBP is not associated with microglial activation. 
Some studies have shown that activation of the microglia is only observed in the early stages of CIBP modeling. It has also 
been demonstrated that inhibition of microglial activation does not alleviate CIBP. Another study showed that activation of 
the spinal microglia was not observed in male or female animals, but it was observed in the spare nerve injury model.61,62

Therefore, studies regarding the involvement of the microglia in CIBP have produced contradictory results. The 
discrepancies may be related to whether tumor bone metastasis causes peripheral nerve damage or inflammatory changes. 
Moreover, the discrepancies may be related to the process used to model CIBP, the characteristics of different tumor 
cells, and variations in the responses of different animal species to tumor cells.

Astrocytes
In addition to the spinal microglia, astrocytes are an important source of inflammatory mediators and play a crucial role 
in chronic neuropathic pain.63,64 In non-pathological states, astrocytes provide metabolic support to neurons and maintain 
cellular homeostasis.65 In the pain state, astrocytes participate in various processes related to persistent pain, and 
astrocyte activation usually follows microglial activation. After activation, astrocytes regulate the phenotype or function 
of the microglia by secreting various cytokines, and they continue to respond throughout the entire pathological pain 
period.66 In the CIBP model, astrocytes activation precedes microglial activation.67 Overall, the activation of reactive 
astrocytes plays an important role in the generation and maintenance of pain and is accompanied by changes in cell 
morphology, metabolism, and gene expression.68 The proliferation of microglia differ, which means that they play 
different roles and exert varying effects under different pain conditions.69 In the context of chronic pain, signaling 
molecules that change in activated astrocytes include cytokines, chemokines, ion channels, enzymes, and structural 
proteins.70 These molecules participate in the activation of other signaling pathways, including cytokine signaling, JAK/ 
STAT3 signaling, and kinase and protease signaling.71 They also suppress astrocyte-dependent signaling pathways, and 
neuroinflammation can alleviate mechanical and heat hypersensitivity in animals with CIBP.72 Proteinase activated 
receptor 2 (PAR-2) belongs to the G protein coupled receptor family and is widely expressed in mast cells, neurons, and 
astrocytes. It plays an important regulatory role in the occurrence and maintenance of different pathological pain states.73 

PAR-2 expressed after astrocyte activation also participates in the development of CIBP through the ERK/CREB 
pathway.74 One study showed that in the CIBP model, NF-κB not only increased in the microglia but it also increased 
in astrocytes and participated in CIBP development.75 In addition, the functional changes that occur in the mitochondria 
of astrocytes have a certain impact on CIBP. Specifically, maintaining the dynamic balance between mitochondrial fusion 
and fission and reducing mitochondrial damage can alleviate CIBP.76,77 Meanwhile, inhibiting the reduction in mito
chondrial membrane potential induced by pro-inflammatory cytokines also plays a role in alleviating CIBP.78–80 

Astrocytes can also participate in cross-talk with neurons by releasing CXCL1 and CXCL12, which respectively act 
on CXCR2 and CXCR4 receptors on neurons.81–83 Figure 2 shows the molecular mechanisms that promote CIBP in the 
spinal cord through the activation of astrocyte-microglia, astrocyte-neuron and microglia-neuron interactions based on 
recently published studies.

It is worth noting that γ-aminobutyric acid (GABA) and its receptors are widely expressed in the nervous system and 
play an important role in the transmission and regulation of pain signals.84 Studies have shown that GABA expression is 
reduced in the spinal cord of rats with CIBP due to cell apoptosis of GABAergic interneurons. The administration of 
exogenous GABA receptor agonists or ferroptosis inhibitors produces analgesic effects, and these agents exert their 
therapeutic potential via modulation of the neuron-glia interaction.85–87 It has also been shown that Sirtuin-2 expressed 
on spinal cord neurons induces CIBP by upregulating FoxO3a and antioxidant genes.88

T Lymphocytes
The blood spinal cord barrier (BSCB) is mainly composed of capillary endothelial cells, basement membrane, pericytes, and 
astrocyte foot processes. Its main function is to restrict the infiltration of neuronal plasma components, blood cells, and pathogens 
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from the blood into the spinal cord.89 Pain models have demonstrated changes in BSCB permeability and increased infiltration of 
immune cells into the spinal cord.90 One study used the Evans Blue extravasation assay to explore the changes in BSCB in 
a model of CIBP. The study showed that in the later stage of modeling, Evans Blue dye infiltration from the blood into the spinal 
cord continued to increase. The tight junctions between the endothelial cells were deformed and gaps were observed, indicating 
BSCB damaged.91 Transient BSCB injury appears in neuropathic pain, while long-term BSCB injury appears in CIBP, which 
may provide a basis for immune cell recruitment and infiltration. In the past, it was believed that peripheral immune cells could 
not enter the CNS. However, with further in-depth research on the relationship between lymphocytes and pain generation in the 
spinal cord, it has been gradually discovered that peripheral immune cells (especially CD3+T lymphocytes) entering the CNS 
promote the occurrence of nociceptive sensitization.92 In the maintenance of neuropathic pain, T cells infiltrate into the spinal 
cord, especially T helper type 17 (Th17) cells, which secrete pro-inflammatory factors, including IL-17 and TNF-γ,93 while 
regulatory T cells inhibit microglial activation and pain hypersensitivity in female mice. Intrathecal adoptive transfer of activated 
regulatory T cells modulates meningeal and peripheral immunity and glial cell activation, thereby alleviating neuropathic 
pain.94,95 A previous study showed that in a CIBP model, there was a pronounced infiltration of CD3+CD4+T cells in the spinal 
cord, with transient upregulation of regulatory T cells followed by an imbalance in Th17 cells.96 Although studies have begun to 
reveal the role of spinal cord T cells in CIBP, there is still a limited understanding in this area of research.

The Role of Non-Coding RNA in the Spinal Cord in CIBP
It is generally believed that non-coding RNAs do not encode proteins, therefore, they are considered to have extremely 
limited effects. However, it has gradually been discovered that non-coding RNAs regulate neuroimmune communication 

Figure 2 Crosstalk between the microglia, astrocytes, and neurons in the spinal cord. The microglia and astrocytes release pro-inflammatory factors or cytokines that act 
on the neurons, causing electrophysiological and biochemical changes within the neuron to facilitate nociceptive signaling. Neurons also communicate with the microglia and 
astrocytes through cytokines secretion and cell-to-cell interactions. Created in BioRender. Tudou, T. (2024) https://BioRender.com/g54j188.
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signals in the pain pathway by controlling macromolecular complexes in neurons, glial cells, and immune cells. 
MicroRNAs (miRNAs), in particular, play a very important role in the transmission of pain signals between spinal 
cord neurons and glial cells.97 It has been extensively documented that the transmission of peripheral nociceptive signals 
to the spinal cord can cause changes in RNA levels in various cells, thereby mediating and regulating central 
sensitization. Although some non-coding RNAs do not encode proteins, they can still participate in the development 
of CIBP at the level of the spinal cord, especially circular RNAs (circRNAs) and long non-coding RNAs (lncRNAs), 
which interact with miRNA sponges and regulate downstream signaling pathways.98,99 Many studies have shown that 
RNA changes in the spinal cord play an important role in modulating the release of pro-inflammatory cytokines, 
particularly in the context of inflammatory pain and neuropathic pain, by altering the activation status of glial cells 
and neurons,100–102 Therefore, some studies have suggested that targeting these RNAs can alleviate CIBP. Several key 
non-coding RNAs have been identified in animal models of CIBP, Table 1 summarizes some animal studies on the roles 
of non-coding RNAs in the spinal cord in the context of CIBP in recent years.

Brain Mechanism
When peripheral nociceptive signals are transmitted from the periphery through the spinal cord to the brain and activate 
relevant brain regions, the sensation of pain is generated. However, there is no single brain region that is solely 
responsible for pain processing; rather, pain, results from the integration of information from multiple brain regions. 
Previous studies have shown that the dorsal lateral prefrontal cortex (DLPFC), anterior cingulate cortex (ACC), 
secondary somatic cortex (SII), and amygdala are significantly activated in patients with CIBP, and the functional 
connectivity between the right DLPFC and ACC is positively correlated with the duration of cancer pain. The functional 
connectivity between the left ACC and amygdala contributes to pain aversion, and the functional connectivity between 
the left SII and right SII is also enhanced. The SII is mainly involved in pain perception, and these brain regions play 

Table 1 RNA and Related Signal Pathway in Spinal Cord of CIBP Model

Authors/Year Locations Methods of animal model established RNA and related 
signal pathway

Ref

Liu, M. et al 2021 Astrocyte Osteolytic sarcoma cells injected into the femur of male C3H/HeJ 
mice

miR-135-5p, JAK2/STAT3 [94]

Liu, C. et al 2020 Spinal cord Walker 256 breast carcinoma cells injected into the tibia of female 

Wistar rats

miR-300, HMGB1 [95]

Saadh, M. J. et al 2023 Astrocyte Osteolytic sarcoma cells NCTC 2472 injected into the femur of 

male C3H/HeJ mice

miR-199a-3p, 

MyD88/NF-κB

[96]

Kuang, J. et al 2023 Neuron MADB 106 cells injected into female Sprague-Dawley (SD) rats miR-199a-3p, 
DNMT3a/Nrf2

[97]

Zhang, Z. et al 2020 Spinal cord Osteolytic 2472 sarcoma cells injected into the femur of male 

C3H/HeJ mice

circRNA-9119, 

miR-26a, TLR3

[98]

Wu, X. P. et al 2019 Microglia Murine breast tumor (4T1 cell) cells injected into the tibia of 

female C3H/HeJ mice

miR-329, LPAR1/ERK [99]

Jian, Y. et al 2022 Microglia Walker 256 breast carcinoma cells injected into the tibia of female 
Sprague Dawley (SD) rats

miR-155-5p, SGK3 [100]

He, Q. et al 2022 Neurons Walker 256 tumor cells injected into the tibia of female adult SD rats miR-155-5p, TCF4 [101]

Ni, H. et al 2023 Spinal cord Walker 256 cells injected into female Sprague Dawley rats tibial LncRNA71132, 
miR-143-5p, GPR85

[102]

Chen, J. et al 2022 Neurons Walker 256 cells injected into Sprague Dawley female rats tibial NONRATT009773.2, 

miR-708-5p, CXCL13

[103]

Wang, A. et al 2020 Spinal cord Osteosarcoma NCTC 2472 cells injected into male C3H/HeJ mice, 

femur cancer pain model

miR-184, CX3CR1 [104]

Hou, B. et al 2016 Spinal cord Osteosarcoma NCTC 2472 cells injected into the femur of male 
C3H/HeNCrlVr mice

miR-132, CREB/CRTC1 [105]
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important roles in pain management in CIBP.103,104 In addition, during CIBP, hyperpolarization activated cyclic 
nucleotide gated 1 (HCN1) and HCN2 channels on periaqueductal gray (PAG) neurons significantly increase, participat
ing in CIBP development.105 Stimulator of interference genes (STING) are key signaling molecules involved in the 
innate immune response, which can be triggered by exogenous DNA. STING activate the TBK1 and NF-κB signaling 
pathways in the median prefrontal cortex and participate in CIBP development by promoting M1 polarization of the 
microglia.106 However, study showed that STING agonists can inhibit cancer-induced osteoclastogenesis and bone 
destruction when administered systemically through type-I interactions, ultimately alleviating CIBP107

Treatments for CIBP
Although many studies have evaluated the mechanisms of CIBP development, experimental results have varied owing to 
differences in tumor cell lines, animal types, and other aspects. Therefore, these models do not fully simulate the pain 
state of patients with cancer. Most studies are currently limited to preclinical animal experiments, with few clinical 
research reports. Medications, such as denosumab,108 can reduce bone destruction. Moreover, bisphosphonates can 
reduce the activation of acid-sensing channels,109 making it a useful treatment for CIBP. However, opioid drugs are still 
the main treatment method for patients with advanced CIBP in clinical practice, which may be supplemented by other 
physical or pharmacological therapies.

The three-step pain management ladder guidelines released by the World Health Organization have always been the 
“gold standard” for cancer pain management. The aim is to gradually use non-opioid analgesics, weak opioid drugs, and 
finally strong opioid drugs according to each patient’s pain intensity, and other auxiliary analgesics or symptomatic 
treatments can be integrated into the above treatment approach.110 Subsequent, studies have suggested adding two 
additional steps to this treatment approach. The fourth step considers that if the side effects of strong opioid drugs are 
treated, and the patient still obtains less than 30% pain relief within 24 hours, or if the patient experiences side effects 
such as confusion, hallucinations, drowsiness, or dry mouth, it is necessary to switch to another opioid drug or change the 
administration route to improve the analgesic effect and reduce adverse reactions. If the patient still does not achieve 
therapeutic benefit, anesthesia intervention may be considered.111 In addition, studies have shown that the combination of 
acupuncture therapy and the three-step analgesic drug therapy published by the World Health Organization can achieve 
better analgesic effects, with which the incidence of adverse reactions, such as nausea and vomiting, is lower.112 In 
addition, an important treatment concept is individualized of therapy, as each individual has a different response to 
medication. Opioid drugs are the main methods to relieve CIBP, however, their side effects, such as constipation, cannot 
be ignored. The Edmonton Classification System for Cancer Pain composite score can also be applied to assist in 
implementing individualized interventions and therapy for CIBP.113 Patients may also need psychological or non- 
pharmacological treatments, including acupuncture or massage.114–116 Comprehensive and personalized analgesic treat
ment is beneficial for patients to achieve a better quality of life in the later stages of CIBP.

Future Directions and Conclusions
CIBP is a pain state in which patients with cancer experience persistent or explosive pain. Although there are various 
drugs available for the treatment of CIBP in clinical practice, the pain of experienced by patients with CIBP cannot be 
completely relieved, and the analgesic effects of commonly used opioid drugs are limited. Patients treated with opioids 
are prone to tolerance and drug-related side effects, which seriously affect their quality of life. Therefore, it is extremely 
important to explore the mechanisms of CIBP in depth. In patients with late-stage cancer bone metastasis, metastasis and 
tumor spread, as well as deterioration of the condition, are irreversible. Therefore, maximizing analgesia and minimizing 
side effects should be the focus of treatment for CIBP, with the goal of improving quality of life. At present, the treatment 
of CIBP is mostly based on the symptoms of pain rather than cancer related pain itself. Therefore, understanding the 
changes that occur in CIBP at the level of the spinal cord is beneficial for improving the clinical treatment of patients 
with this condition. The communication between the spinal microglia, astrocytes, and neurons has been widely studied in 
the context of CIBP. With the continuous deepening of research, the role of T-cell infiltration into the spinal cord has 
gradually become a topic of research interest. However, further research in this field is still needed. Although many 
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studies have identified potential therapeutic targets and explored novel analgesic drugs for CIBP, most treatment methods 
still lack clinical translational value and do not achieve significant pain relief or quality of life improvement.

Acknowledgments
The authors are grateful for the cooperation and participation of the anesthesiologists from the department of anesthe
siology and the guidance from the corresponding author.

Disclosure
The authors report no conflicts of interest in this work.

References
1. Yip RKH, Rimes JS, Capaldo BD, et al. Mammary tumour cells remodel the bone marrow vascular microenvironment to support metastasis. 

Nat Commun. 2021;12(1):6920. doi:10.1038/s41467-021-26556-6
2. Weilbaecher KN, Guise TA, McCauley LK. Cancer to bone: a fatal attraction. Nat Rev Cancer. 2011;11(6):411–425. doi:10.1038/nrc3055
3. Takei D, Tagami K. Management of cancer pain due to bone metastasis. J Bone Miner Metab. 2023;41(3):327–336. doi:10.1007/s00774-022- 

01382-y
4. Rosenscheg M, Pedron J, Pedroso L. Treatment of cancer pain: a systematic review. Am J Clin Oncol. 2023;46(10):450–458. doi:10.1097/ 

COC.0000000000001029
5. Greco MT, Roberto A, Corli O, et al. Quality of cancer pain management: an update of a systematic review of undertreatment of patients with 

cancer. J Clin Oncol. 2014;32(36):4149–4154. doi:10.1200/JCO.2014.56.0383
6. Yang Y, Yang W, Zhang R, Wang Y. Peripheral mechanism of cancer-induced bone pain. Neurosci Bull. 2024;40(6):815–830. doi:10.1007/ 

s12264-023-01126-6
7. Zheng XQ, Wu YH, Huang JF, Wu AM. Neurophysiological mechanisms of cancer-induced bone pain. J Adv Res. 2022;35:117–127. 

doi:10.1016/j.jare.2021.06.006
8. Bourne S, Machado AG, Nagel SJ. Basic anatomy and physiology of pain pathways. Neurosurg Clin N Am. 2014;25(4):629–638. doi:10.1016/j. 

nec.2014.06.001
9. Koppenol WH, Bounds PL, Dang CV. Otto Warburg’s contributions to current concepts of cancer metabolism. Nat Rev Cancer. 2011;11 

(5):325–337. doi:10.1038/nrc3038
10. Vaupel P, Schmidberger H, Mayer A. The Warburg effect: essential part of metabolic reprogramming and central contributor to cancer 

progression. Int J Radiat Biol. 2019;95(7):912–919. doi:10.1080/09553002.2019.1589653
11. Liberti MV, Locasale JW. The Warburg Effect: how Does it Benefit Cancer Cells? Trends Biochem Sci. 2016;41(3):211–218. doi:10.1016/j. 

tibs.2015.12.001
12. Fornetti J, Welm AL, Stewart SA. Understanding the bone in cancer metastasis. J Bone Miner Res. 2018;33(12):2099–2113. doi:10.1002/ 

jbmr.3618
13. Falk S, Dickenson AH. Pain and nociception: mechanisms of cancer-induced bone pain. J Clin Oncol. 2014;32(16):1647–1654. doi:10.1200/ 

JCO.2013.51.7219
14. Fan H, Xu Z, Yao K, et al. Osteoclast cancer cell metabolic cross-talk confers PARP inhibitor resistance in bone metastatic breast cancer. 

Cancer Res. 2024;84(3):449–467. doi:10.1158/0008-5472.CAN-23-1443
15. He Y, Luo W, Liu Y, et al. IL-20RB mediates tumoral response to osteoclastic niches and promotes bone metastasis of lung cancer. J Clin Invest. 

2022;132(20). doi:10.1172/JCI157917
16. Wu Y, Ai H, Xi Y, et al. Osteoclast-derived apoptotic bodies inhibit naive CD8(+) T cell activation via Siglec15, promoting breast cancer 

secondary metastasis. Cell Rep Med. 2023;4(9):101165. doi:10.1016/j.xcrm.2023.101165
17. Urabe F, Kosaka N, Yamamoto Y, et al. Metastatic prostate cancer-derived extracellular vesicles facilitate osteoclastogenesis by transferring the 

CDCP1 protein. J Extracell Vesicles. 2023;12(3):e12312. doi:10.1002/jev2.12312
18. Wen J, Wang S, Guo R, Liu D. CSF1R inhibitors are emerging immunotherapeutic drugs for cancer treatment. Eur J Med Chem. 2023;245(Pt 

1):114884. doi:10.1016/j.ejmech.2022.114884
19. Huang R, Zheng J, Shao Y, Zhu L, Yang T. Siglec-15 as multifunctional molecule involved in osteoclast differentiation, cancer immunity and 

microbial infection. Prog Biophys Mol Biol. 2023;177:34–41. doi:10.1016/j.pbiomolbio.2022.10.006
20. Jie Z, Wang S, Ma Q, et al. Pexmetinib suppresses osteoclast formation and breast cancer induced osteolysis via P38/STAT3 signal pathway. 

J Bone Oncol. 2022;35:100439. doi:10.1016/j.jbo.2022.100439
21.. Wani SA, Qudrat S, Zubair H, et al. Role of osteoclast inhibitors in prostate cancer bone metastasis; a narrative review. J Oncol Pharm Pract. 

2024;10781552241275943. doi:10.1177/10781552241275943.
22. Ye Y, Xie T, Amit M. Targeting the Nerve-Cancer Circuit. Cancer Res. 2023;83(15):2445–2447. doi:10.1158/0008-5472.CAN-23-1754
23. Li X, Wang Y, Zhai Z, et al. Predicting response to immunotherapy in gastric cancer via assessing perineural invasion-mediated inflammation in 

tumor microenvironment. J Exp Clin Cancer Res. 2023;42(1):206. doi:10.1186/s13046-023-02730-0
24. Hu J, Chen W, Shen L, Chen Z, Huang J. Crosstalk between the peripheral nervous system and breast cancer influences tumor progression. 

Biochim Biophys Acta Rev Cancer. 2022;1877(6):188828. doi:10.1016/j.bbcan.2022.188828
25. Li J, Che M, Zhang B, Zhao K, Wan C, Yang K. The association between the neuroendocrine system and the tumor immune microenvironment: 

emerging directions for cancer immunotherapy. Biochim Biophys Acta Rev Cancer. 2023;1878(6):189007. doi:10.1016/j.bbcan.2023.189007
26. Balood M, Ahmadi M, Eichwald T, et al. Nociceptor neurons affect cancer immunosurveillance. Nature. 2022;611(7935):405–412. doi:10.1038/ 

s41586-022-05374-w

Journal of Pain Research 2025:18                                                                                                     https://doi.org/10.2147/JPR.S498466                                                                                                                                                                                                                                                                                                                                                                                                    323

Wang et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1038/s41467-021-26556-6
https://doi.org/10.1038/nrc3055
https://doi.org/10.1007/s00774-022-01382-y
https://doi.org/10.1007/s00774-022-01382-y
https://doi.org/10.1097/COC.0000000000001029
https://doi.org/10.1097/COC.0000000000001029
https://doi.org/10.1200/JCO.2014.56.0383
https://doi.org/10.1007/s12264-023-01126-6
https://doi.org/10.1007/s12264-023-01126-6
https://doi.org/10.1016/j.jare.2021.06.006
https://doi.org/10.1016/j.nec.2014.06.001
https://doi.org/10.1016/j.nec.2014.06.001
https://doi.org/10.1038/nrc3038
https://doi.org/10.1080/09553002.2019.1589653
https://doi.org/10.1016/j.tibs.2015.12.001
https://doi.org/10.1016/j.tibs.2015.12.001
https://doi.org/10.1002/jbmr.3618
https://doi.org/10.1002/jbmr.3618
https://doi.org/10.1200/JCO.2013.51.7219
https://doi.org/10.1200/JCO.2013.51.7219
https://doi.org/10.1158/0008-5472.CAN-23-1443
https://doi.org/10.1172/JCI157917
https://doi.org/10.1016/j.xcrm.2023.101165
https://doi.org/10.1002/jev2.12312
https://doi.org/10.1016/j.ejmech.2022.114884
https://doi.org/10.1016/j.pbiomolbio.2022.10.006
https://doi.org/10.1016/j.jbo.2022.100439
https://doi.org/10.1177/10781552241275943
https://doi.org/10.1158/0008-5472.CAN-23-1754
https://doi.org/10.1186/s13046-023-02730-0
https://doi.org/10.1016/j.bbcan.2022.188828
https://doi.org/10.1016/j.bbcan.2023.189007
https://doi.org/10.1038/s41586-022-05374-w
https://doi.org/10.1038/s41586-022-05374-w


27. Cowman SJ, Koh MY. Revisiting the HIF switch in the tumor and its immune microenvironment. Trends Cancer. 2022;8(1):28–42. 
doi:10.1016/j.trecan.2021.10.004

28. Dzhalilova DS, Makarova OV. HIF-dependent mechanisms of relationship between hypoxia tolerance and tumor development. Biochemistry 
(Mosc). 2021;86(10):1163–1180. doi:10.1134/S0006297921100011

29. Wen J, Zhang X. HMGB1 signaling-mediated tumor immunity in cancer progress. Front Biosci. 2023;28(10):260. doi:10.31083/j.fbl2810260
30. Hou C, Lu M, Lei Z, et al. HMGB1 positive feedback loop between cancer cells and tumor-associated macrophages promotes osteosarcoma 

migration and invasion. Lab Invest. 2023;103(5):100054. doi:10.1016/j.labinv.2022.100054
31. Gao X, Zhou S, Qin Z, Li D, Zhu Y, Ma D. Upregulation of HMGB1 in tumor-associated macrophages induced by tumor cell-derived lactate 

further promotes colorectal cancer progression. J Transl Med. 2023;21(1):53. doi:10.1186/s12967-023-03918-w
32. Bruno F, Arcuri D, Vozzo F, Malvaso A, Montesanto A, Maletta R. Expression and signaling pathways of Nerve Growth Factor (NGF) and 

Pro-NGF in breast cancer: a systematic review. Curr Oncol. 2022;29(11):8103–8120. doi:10.3390/curroncol29110640
33. Tanaka K, Kondo T, Narita M, et al. Repeated activation of Trpv1-positive sensory neurons facilitates tumor growth associated with changes in 

tumor-infiltrating immune cells. Biochem Biophys Res Commun. 2023;648:36–43. doi:10.1016/j.bbrc.2023.01.075
34. Erin N, Szallasi A. Carcinogenesis and Metastasis: focus on TRPV1-Positive Neurons and Immune Cells. Biomolecules. 2023;13(6):983. 

doi:10.3390/biom13060983
35. Qiu F, Wei X, Zhang S, Yuan W, Mi W. Increased expression of acid-sensing ion channel 3 within dorsal root ganglia in a rat model of bone 

cancer pain. Neuroreport. 2014;25(12):887–893. doi:10.1097/WNR.0000000000000182
36. Luo J, Zou H, Guo Y, et al. SRC kinase-mediated signaling pathways and targeted therapies in breast cancer. Breast Cancer Res. 2022;24(1):99. 

doi:10.1186/s13058-022-01596-y
37. Xu ZH, Niu Z, Liu Y, et al. TET1-TRPV4 signaling contributes to bone cancer pain in Rats. Brain Sci. 2023;13(4):644. doi:10.3390/ 

brainsci13040644
38. Antoniazzi CTD, Ruviaro NA, Peres DS, Rodrigues P, Viero FT, Trevisan G. Targeting TRPV4 Channels for Cancer Pain Relief. Cancers 

(Basel). 2024;16(9):1703. doi:10.3390/cancers16091703
39. Zhou F, Qian HY, Wang K, et al. Metformin relieves bone cancer pain by reducing TGFbetaRI-TRPV1 signaling in rats. Heliyon. 2024;10(15): 

e34991. doi:10.1016/j.heliyon.2024.e34991
40. Jurga AM, Paleczna M, Kuter KZ. Overview of general and discriminating markers of differential microglia phenotypes. Front Cell Neurosci. 

2020;14:198. doi:10.3389/fncel.2020.00198
41. Guo S, Wang H, Yin Y. Microglia polarization from M1 to M2 in neurodegenerative diseases. Front Aging Neurosci. 2022;14:815347. 

doi:10.3389/fnagi.2022.815347
42. Iht H, Chan MTV, Wkk W, Liu X. Spinal microglia-neuron interactions in chronic pain. J Leukoc Biol. 2020;108(5):1575–1592. doi:10.1002/ 

JLB.3MR0520-695R
43. Atta AA, Ibrahim WW, Mohamed AF, Abdelkader NF. Microglia polarization in nociplastic pain: mechanisms and perspectives. 

Inflammopharmacology. 2023;31(3):1053–1067. doi:10.1007/s10787-023-01216-x
44. Zhao H, Alam A, Chen Q, et al. The role of microglia in the pathobiology of neuropathic pain development: what do we know? Br J Anaesth. 

2017;118(4):504–516. doi:10.1093/bja/aex006
45. Jin D, Yang JP, Hu JH, Wang LN, Zuo JL. MCP-1 stimulates spinal microglia via PI3K/Akt pathway in bone cancer pain. Brain Res. 

2015;1599:158–167. doi:10.1016/j.brainres.2014.12.043
46. Kawate T. P2X Receptor Activation. Adv Exp Med Biol. 2017;1051:55–69. doi:10.1007/5584_2017_55
47. Wu P, Wu X, Zhou G, et al. P2X7 receptor-induced bone cancer pain by regulating microglial activity via NLRP3/IL-1beta signaling. Pain 

Physician. 2022;25(8):E1199–E1210.
48. Jin XH, Wang LN, Zuo JL, Yang JP, Liu SL. P2X4 receptor in the dorsal horn partially contributes to brain-derived neurotrophic factor 

oversecretion and toll-like receptor-4 receptor activation associated with bone cancer pain. J Neurosci Res. 2014;92(12):1690–1702. 
doi:10.1002/jnr.23443

49. von Kugelgen I. Molecular pharmacology of P2Y receptor subtypes. Biochem Pharmacol. 2021;187:114361. doi:10.1016/j.bcp.2020.114361
50. Liu M, Yao M, Wang H, et al. P2Y(12) receptor-mediated activation of spinal microglia and p38MAPK pathway contribute to cancer-induced 

bone pain. J Pain Res. 2017;10:417–426. doi:10.2147/JPR.S124326
51. Wu T, Yang W, Sun A, Wei Z, Lin Q. The Role of CXC Chemokines in Cancer Progression. Cancers (Basel). 2022;15(1):167. doi:10.3390/ 

cancers15010167
52. Ozga AJ, Chow MT, Luster AD. Chemokines and the immune response to cancer. Immunity. 2021;54(5):859–874. doi:10.1016/j. 

immuni.2021.01.012
53. Peng C, Chen XT, Xu H, Chen LP, Shen W. Role of the CXCR4/ALK5/Smad3 signaling pathway in cancer-induced bone pain. J Pain Res. 

2020;13:2567–2576. doi:10.2147/JPR.S260508
54. Xu H, Peng C, Chen XT, et al. Chemokine receptor CXCR4 activates the RhoA/ROCK2 pathway in spinal neurons that induces bone cancer 

pain. Mol Pain. 2020;16:1744806920919568. doi:10.1177/1744806920919568
55. Hu XM, Zhang H, Xu H, et al. Chemokine receptor CXCR4 regulates CaMKII/CREB pathway in spinal neurons that underlies cancer-induced 

bone pain. Sci Rep. 2017;7(1):4005. doi:10.1038/s41598-017-04198-3
56. Zhou YQ, Liu Z, Liu HQ, et al. Targeting glia for bone cancer pain. Expert Opin Ther Targets. 2016;20(11):1365–1374. doi:10.1080/ 

14728222.2016.1214716
57. Tu H, Chu H, Guan S, et al. The role of the M1/M2 microglia in the process from cancer pain to morphine tolerance. Tissue Cell. 

2021;68:101438. doi:10.1016/j.tice.2020.101438
58. Motallebi M, Bhia M, Rajani HF, et al. Naringenin: a potential flavonoid phytochemical for cancer therapy. Life Sci. 2022;305:120752. 

doi:10.1016/j.lfs.2022.120752
59. Li Y, Zheng G, Tang Y, et al. Naringenin alleviates bone cancer pain via NF-kappaB/uPA/PAR2 pathway in mice. J Orthop Surg. 2024;32 

(2):10225536241266671. doi:10.1177/10225536241266671
60. Ge MM, Li DY, Wang L, et al. Naringenin promoted spinal microglia M2 polarization in rat model of cancer-induced bone pain via regulating 

AMPK/PGC-1alpha signaling axis. Biomed Pharmacother. 2022;149:112912. doi:10.1016/j.biopha.2022.112912

https://doi.org/10.2147/JPR.S498466                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Pain Research 2025:18 324

Wang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.trecan.2021.10.004
https://doi.org/10.1134/S0006297921100011
https://doi.org/10.31083/j.fbl2810260
https://doi.org/10.1016/j.labinv.2022.100054
https://doi.org/10.1186/s12967-023-03918-w
https://doi.org/10.3390/curroncol29110640
https://doi.org/10.1016/j.bbrc.2023.01.075
https://doi.org/10.3390/biom13060983
https://doi.org/10.1097/WNR.0000000000000182
https://doi.org/10.1186/s13058-022-01596-y
https://doi.org/10.3390/brainsci13040644
https://doi.org/10.3390/brainsci13040644
https://doi.org/10.3390/cancers16091703
https://doi.org/10.1016/j.heliyon.2024.e34991
https://doi.org/10.3389/fncel.2020.00198
https://doi.org/10.3389/fnagi.2022.815347
https://doi.org/10.1002/JLB.3MR0520-695R
https://doi.org/10.1002/JLB.3MR0520-695R
https://doi.org/10.1007/s10787-023-01216-x
https://doi.org/10.1093/bja/aex006
https://doi.org/10.1016/j.brainres.2014.12.043
https://doi.org/10.1007/5584_2017_55
https://doi.org/10.1002/jnr.23443
https://doi.org/10.1016/j.bcp.2020.114361
https://doi.org/10.2147/JPR.S124326
https://doi.org/10.3390/cancers15010167
https://doi.org/10.3390/cancers15010167
https://doi.org/10.1016/j.immuni.2021.01.012
https://doi.org/10.1016/j.immuni.2021.01.012
https://doi.org/10.2147/JPR.S260508
https://doi.org/10.1177/1744806920919568
https://doi.org/10.1038/s41598-017-04198-3
https://doi.org/10.1080/14728222.2016.1214716
https://doi.org/10.1080/14728222.2016.1214716
https://doi.org/10.1016/j.tice.2020.101438
https://doi.org/10.1016/j.lfs.2022.120752
https://doi.org/10.1177/10225536241266671
https://doi.org/10.1016/j.biopha.2022.112912


61. Ducourneau VRR, Dolique T, Hachem-Delaunay S, et al. Cancer pain is not necessarily correlated with spinal overexpression of reactive glia 
markers. Pain. 2014;155(2):275–291. doi:10.1016/j.pain.2013.10.008

62. Diaz-delCastillo M, Hansen RB, Appel CK, et al. Modulation of rat cancer-induced bone pain is independent of spinal microglia activity. 
Cancers. 2020;12(10):2740. doi:10.3390/cancers12102740

63. Jiang W, Wang Y, Sun W, Zhang M. Morin suppresses astrocyte activation and regulates cytokine release in bone cancer pain rat models. 
Phytother Res. 2017;31(9):1298–1304. doi:10.1002/ptr.5849

64. Tian J, Song T, Wang H, Wang W, Zhang Z, Yan R. Thalidomide alleviates bone cancer pain by down-regulating expressions of NF-kappaB and 
GFAP in spinal astrocytes in a mouse model. Int J Neurosci. 2019;129(9):896–903. doi:10.1080/00207454.2019.1586687

65. Nedergaard M, Verkhratsky A. Artifact versus reality--how astrocytes contribute to synaptic events. Glia. 2012;60(7):1013–1023. doi:10.1002/ 
glia.22288

66. Long JY, Wang XJ, Li XY, et al. Spinal Microglia and Astrocytes: two key players in chronic visceral pain pathogenesis. Neurochem Res. 
2022;47(3):545–551. doi:10.1007/s11064-021-03486-9

67. Yang Y, Li H, Li TT, et al. Delayed activation of spinal microglia contributes to the maintenance of bone cancer pain in female Wistar rats via 
P2X7 receptor and IL-18. J Neurosci. 2015;35(20):7950–7963. doi:10.1523/JNEUROSCI.5250-14.2015

68. Escartin C, Galea E, Lakatos A, et al. Reactive astrocyte nomenclature, definitions, and future directions. Nat Neurosci. 2021;24(3):312–325. 
doi:10.1038/s41593-020-00783-4

69. Ji RR, Donnelly CR, Nedergaard M. Astrocytes in chronic pain and itch. Nat Rev Neurosci. 2019;20(11):667–685. doi:10.1038/s41583-019- 
0218-1

70. Lu HJ, Gao YJ. Astrocytes in chronic pain: cellular and molecular mechanisms. Neurosci Bull. 2023;39(3):425–439. doi:10.1007/s12264-022- 
00961-3

71. Chen YL, Feng XL, Cheung CW, Liu JA. Mode of action of astrocytes in pain: from the spinal cord to the brain. Prog Neurobiol. 
2022;219:102365. doi:10.1016/j.pneurobio.2022.102365

72. Pang J, Xin P, Kong Y, Wang Z, Wang X. Resolvin D2 reduces chronic neuropathic pain and bone cancer pain via spinal inhibition of 
IL-17 secretion, CXCL1 release and astrocyte activation in mice. Brain Sci. 2023;13(1):152. doi:10.3390/brainsci13010152

73. Mrozkova P, Palecek J, Spicarova D. The role of protease-activated receptor type 2 in nociceptive signaling and pain. Physiol Res. 2016;65 
(3):357–367. doi:10.33549/physiolres.933269

74. Tang Y, Chen Y, Yang M, Zheng Q, Li Y, Bao Y. Knockdown of PAR2 alleviates cancer-induced bone pain by inhibiting the activation of 
astrocytes and the ERK pathway. BMC Musculoskelet Disord. 2022;23(1):514. doi:10.1186/s12891-022-05312-x

75. Xu M, Fei Y, He Q, et al. Electroacupuncture attenuates cancer-induced bone pain via NF-kappaB/CXCL12 signaling in midbrain periaque
ductal gray. ACS Chem Neurosci. 2021;12(18):3323–3334. doi:10.1021/acschemneuro.1c00224

76. Meng W, Hao MM, Yu N, et al. 2-Bromopalmitate attenuates bone cancer pain via reversing mitochondrial fusion and fission imbalance in 
spinal astrocytes. Mol Pain. 2019;15:1744806919871813. doi:10.1177/1744806919871813

77. Yang HY, Zhang F, Cheng ML, et al. Glycogen synthase kinase-3beta inhibition decreases inflammation and relieves cancer induced bone pain 
via reducing Drp1-mediated mitochondrial damage. J Cell Mol Med. 2022;26(14):3965–3976. doi:10.1111/jcmm.17432

78. Hao M, Tang Q, Wang B, et al. Resveratrol suppresses bone cancer pain in rats by attenuating inflammatory responses through the AMPK/Drp1 
signaling. Acta Biochim Biophys Sin. 2020;52(3):231–240. doi:10.1093/abbs/gmz162

79. Shen W, Hu XM, Liu YN, et al. CXCL12 in astrocytes contributes to bone cancer pain through CXCR4-mediated neuronal sensitization and 
glial activation in rat spinal cord. J Neuroinflammation. 2014;11(1):75. doi:10.1186/1742-2094-11-75

80. Zhao J, Yan Y, Zhen S, et al. LY294002 alleviates bone cancer pain by reducing mitochondrial dysfunction and the inflammatory response. 
Int J Mol Med. 2023;51(5). doi:10.3892/ijmm.2023.5245

81. Ni H, Xu M, Xie K, et al. Liquiritin Alleviates Pain Through Inhibiting CXCL1/CXCR2 signaling pathway in bone cancer pain rat. Front 
Pharmacol. 2020;11:436. doi:10.3389/fphar.2020.00436

82. Ni H, Wang Y, An K, et al. Crosstalk between NFkappaB-dependent astrocytic CXCL1 and neuron CXCR2 plays a role in descending pain 
facilitation. J Neuroinflammation. 2019;16(1):1. doi:10.1186/s12974-018-1391-2

83.. Retraction Statement. CXCL12/CXCR4 chemokine signaling in spinal glia induces pain hypersensitivity through MAPKs-mediated neuroin
flammation in bone cancer rats. J Neurochem. 2017;141(3):473–474. doi:10.1111/jnc.13949.

84. Qian X, Zhao X, Yu L, et al. Current status of GABA receptor subtypes in analgesia. Biomed Pharmacother. 2023;168:115800. doi:10.1016/j. 
biopha.2023.115800

85. Ge MM, Chen SP, Zhou YQ, et al. The therapeutic potential of GABA in neuron-glia interactions of cancer-induced bone pain. Eur 
J Pharmacol. 2019;858:172475. doi:10.1016/j.ejphar.2019.172475

86. Zhou YQ, Chen SP, Liu DQ, et al. The role of spinal GABAB receptors in cancer-induced bone pain in rats. J Pain. 2017;18(8):933–946. 
doi:10.1016/j.jpain.2017.02.438

87. Ding Z, Liang X, Wang J, et al. Inhibition of spinal ferroptosis-like cell death alleviates hyperalgesia and spontaneous pain in a mouse model of 
bone cancer pain. Redox Biol. 2023;62:102700. doi:10.1016/j.redox.2023.102700

88. Yang C, Kang F, Huang X, et al. Spinal sirtuin 2 attenuates bone cancer pain by deacetylating FoxO3a. Biochim Biophys Acta Mol Basis Dis. 
2024;1870(4):167129. doi:10.1016/j.bbadis.2024.167129

89. Sweeney MD, Zhao Z, Montagne A, Nelson AR, Zlokovic BV. Blood-brain barrier: from physiology to disease and back. Physiol Rev. 2019;99 
(1):21–78. doi:10.1152/physrev.00050.2017

90. Montague-Cardoso K, Malcangio M. Changes in blood-spinal cord barrier permeability and neuroimmune interactions in the underlying 
mechanisms of chronic pain. Pain Rep. 2021;6(1):e879. doi:10.1097/PR9.0000000000000879

91. Wang C, Xu K, Wang Y, et al. Spinal cannabinoid receptor 2 activation reduces hypersensitivity associated with bone cancer pain and improves 
the integrity of the blood-spinal cord barrier. Reg Anesth Pain Med. 2020;45(10):783–791. doi:10.1136/rapm-2019-101262

92. Sweitzer SM, Hickey WF, Rutkowski MD, Pahl JL, DeLeo JA. Focal peripheral nerve injury induces leukocyte trafficking into the central 
nervous system: potential relationship to neuropathic pain. Pain. 2002;100(1–2):163–170. doi:10.1016/s0304-3959(02)00257-9

93. Costigan M, Moss A, Latremoliere A, et al. T-cell infiltration and signaling in the adult dorsal spinal cord is a major contributor to neuropathic 
pain-like hypersensitivity. J Neurosci. 2009;29(46):14415–14422. doi:10.1523/JNEUROSCI.4569-09.2009

Journal of Pain Research 2025:18                                                                                                     https://doi.org/10.2147/JPR.S498466                                                                                                                                                                                                                                                                                                                                                                                                    325

Wang et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.pain.2013.10.008
https://doi.org/10.3390/cancers12102740
https://doi.org/10.1002/ptr.5849
https://doi.org/10.1080/00207454.2019.1586687
https://doi.org/10.1002/glia.22288
https://doi.org/10.1002/glia.22288
https://doi.org/10.1007/s11064-021-03486-9
https://doi.org/10.1523/JNEUROSCI.5250-14.2015
https://doi.org/10.1038/s41593-020-00783-4
https://doi.org/10.1038/s41583-019-0218-1
https://doi.org/10.1038/s41583-019-0218-1
https://doi.org/10.1007/s12264-022-00961-3
https://doi.org/10.1007/s12264-022-00961-3
https://doi.org/10.1016/j.pneurobio.2022.102365
https://doi.org/10.3390/brainsci13010152
https://doi.org/10.33549/physiolres.933269
https://doi.org/10.1186/s12891-022-05312-x
https://doi.org/10.1021/acschemneuro.1c00224
https://doi.org/10.1177/1744806919871813
https://doi.org/10.1111/jcmm.17432
https://doi.org/10.1093/abbs/gmz162
https://doi.org/10.1186/1742-2094-11-75
https://doi.org/10.3892/ijmm.2023.5245
https://doi.org/10.3389/fphar.2020.00436
https://doi.org/10.1186/s12974-018-1391-2
https://doi.org/10.1111/jnc.13949
https://doi.org/10.1016/j.biopha.2023.115800
https://doi.org/10.1016/j.biopha.2023.115800
https://doi.org/10.1016/j.ejphar.2019.172475
https://doi.org/10.1016/j.jpain.2017.02.438
https://doi.org/10.1016/j.redox.2023.102700
https://doi.org/10.1016/j.bbadis.2024.167129
https://doi.org/10.1152/physrev.00050.2017
https://doi.org/10.1097/PR9.0000000000000879
https://doi.org/10.1136/rapm-2019-101262
https://doi.org/10.1016/s0304-3959(02)00257-9
https://doi.org/10.1523/JNEUROSCI.4569-09.2009


94. Kuhn JA, Vainchtein ID, Braz J, et al. Regulatory T-cells inhibit microglia-induced pain hypersensitivity in female mice. Elife. 2021;10. 
doi:10.7554/eLife.69056

95. Fiore NT, Keating BA, Chen Y, Williams SI, Moalem-Taylor G. Differential effects of regulatory T cells in the meninges and spinal cord of 
male and female mice with neuropathic pain. Cells. 2023;12(18):2317. doi:10.3390/cells12182317

96. Huo W, Liu Y, Lei Y, et al. Imbalanced spinal infiltration of Th17/Treg cells contributes to bone cancer pain via promoting microglial activation. 
Brain Behav Immun. 2019;79:139–151. doi:10.1016/j.bbi.2019.01.024

97. Kalpachidou T, Kummer KK, Kress M. Non-coding RNAs in neuropathic pain. Neuronal Signal. 2020;4(1):NS20190099. doi:10.1042/ 
NS20190099

98. Habib AM, Cox JJ, Okorokov AL. Out of the dark: the emerging roles of lncRNAs in pain. Trends Genet. 2024;40(8):694–705. doi:10.1016/j. 
tig.2024.04.009

99. Song G, Yang Z, Guo J, Zheng Y, Su X, Wang X. Interactions Among lncRNAs/circRNAs, miRNAs, and mRNAs in Neuropathic Pain. 
Neurotherapeutics. 2020;17(3):917–931. doi:10.1007/s13311-020-00881-y

100. Yang X, Huang X, Lu W, et al. Transcriptome profiling of miRNA-mRNA interactions and associated mechanisms in chemotherapy-induced 
neuropathic pain. Mol Neurobiol. 2023;60(10):5672–5690. doi:10.1007/s12035-023-03398-5

101. Zhang X, Zhu L, Wang X, Xia L, Zhang Y. Advances in the role and mechanism of miRNA in inflammatory pain. Biomed Pharmacother. 
2023;161:114463. doi:10.1016/j.biopha.2023.114463

102. Vali R, Azadi A, Tizno A, Farkhondeh T, Samini F, Samarghandian S. miRNA contributes to neuropathic pains. Int J Biol Macromol. 2023;253 
(Pt 4):126893. doi:10.1016/j.ijbiomac.2023.126893

103. Zhou X, Tan Y, Chen J, et al. Altered functional connectivity in pain-related brain regions and its correlation with pain duration in bone 
metastasis with cancer pain. Dis Markers. 2022;2022:3044186. doi:10.1155/2022/3044186

104. Cheng CH, Liu CY, Hsu SC. Altered functional connectivity between primary and secondary somatosensory areas in panic disorder. Psychiatry 
Res. 2020;285:112808. doi:10.1016/j.psychres.2020.112808

105. Lei X, Yan Y, Zeng J, et al. Activation of HCN channels caused by elevated cAMP levels in periaqueductal gray promotes bone cancer pain. 
Neurochem Int. 2023;162:105437. doi:10.1016/j.neuint.2022.105437

106. Zhang X, Li X, Wang W, et al. STING contributes to cancer-induced bone pain by promoting M1 polarization of microglia in the medial 
prefrontal cortex. Cancers (Basel). 2022;14(21). doi:10.3390/cancers14215188

107. Wang K, Donnelly CR, Jiang C, et al. STING suppresses bone cancer pain via immune and neuronal modulation. Nat Commun. 2021;12 
(1):4558. doi:10.1038/s41467-021-24867-2

108. Palmerini E, Seeger LL, Gambarotti M, et al. Malignancy in giant cell tumor of bone: analysis of an open-label Phase 2 study of denosumab. 
BMC Cancer. 2021;21(1):89. doi:10.1186/s12885-020-07739-8

109. Friedl TWP, Fehm T, Muller V, et al. Prognosis of patients with early breast cancer receiving 5 years vs 2 years of adjuvant bisphosphonate 
treatment: a phase 3 randomized clinical trial. JAMA Oncol. 2021;7(8):1149–1157. doi:10.1001/jamaoncol.2021.1854

110. Ventafridda V, Saita L, Ripamonti C, De Conno F. WHO guidelines for the use of analgesics in cancer pain. Int J Tissue React. 1985;7 
(1):93–96.

111.. Riley J, Ross JR, Gretton SK, et al. Proposed 5-step world health organization analgesic and side effect ladder. Eur J Pain Suppl. 2012;1 
(S1):23–30. doi:10.1016/s1754-3207(08)60008-5.

112. Li DH, Su YF, Fan HF, Guo N, Sun CX. Acupuncture combined with three-step analgesic drug therapy for treatment of cancer pain: 
a systematic review and meta-analysis of randomised clinical trials. Evid Based Complement Alternat Med. 2021;2021:5558590. 
doi:10.1155/2021/5558590

113. Sulistio M, Ling N, Finkelstein T, et al. The Edmonton classification system for cancer pain in patients with bone metastasis: a descriptive 
cohort study. Support Care Cancer. 2023;31(5):305. doi:10.1007/s00520-023-07711-9

114. Ruano A, Garcia-Torres F, Galvez-Lara M, Moriana JA. Psychological and non-pharmacologic treatments for pain in cancer patients: 
a systematic review and meta-analysis. J Pain Symptom Manage. 2022;63(5):e505–e520. doi:10.1016/j.jpainsymman.2021.12.021

115. Zhang Y, Wang S, Ma X, et al. Massage therapy can effectively relieve cancer pain: a meta-analysis. Medicine (Baltimore). 2023;102(27): 
e33939. doi:10.1097/MD.0000000000033939

116. He Y, Guo X, May BH, et al. Clinical evidence for association of acupuncture and acupressure with improved cancer pain: a systematic review 
and meta-analysis. JAMA Oncol. 2020;6(2):271–278. doi:10.1001/jamaoncol.2019.5233

Journal of Pain Research                                                                                                             

Publish your work in this journal 
The Journal of Pain Research is an international, peer reviewed, open access, online journal that welcomes laboratory and clinical findings in the 
fields of pain research and the prevention and management of pain. Original research, reviews, symposium reports, hypothesis formation and 
commentaries are all considered for publication. The manuscript management system is completely online and includes a very quick and fair 
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-pain-research-journal

Journal of Pain Research 2025:18 326

Wang et al                                                                                                                                                                           

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.7554/eLife.69056
https://doi.org/10.3390/cells12182317
https://doi.org/10.1016/j.bbi.2019.01.024
https://doi.org/10.1042/NS20190099
https://doi.org/10.1042/NS20190099
https://doi.org/10.1016/j.tig.2024.04.009
https://doi.org/10.1016/j.tig.2024.04.009
https://doi.org/10.1007/s13311-020-00881-y
https://doi.org/10.1007/s12035-023-03398-5
https://doi.org/10.1016/j.biopha.2023.114463
https://doi.org/10.1016/j.ijbiomac.2023.126893
https://doi.org/10.1155/2022/3044186
https://doi.org/10.1016/j.psychres.2020.112808
https://doi.org/10.1016/j.neuint.2022.105437
https://doi.org/10.3390/cancers14215188
https://doi.org/10.1038/s41467-021-24867-2
https://doi.org/10.1186/s12885-020-07739-8
https://doi.org/10.1001/jamaoncol.2021.1854
https://doi.org/10.1016/s1754-3207(08)60008-5
https://doi.org/10.1155/2021/5558590
https://doi.org/10.1007/s00520-023-07711-9
https://doi.org/10.1016/j.jpainsymman.2021.12.021
https://doi.org/10.1097/MD.0000000000033939
https://doi.org/10.1001/jamaoncol.2019.5233
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	CIBP After Bone Metastases
	Spinal Mechanisms
	Neuron-Glia Crosstalk
	Microglia
	Astrocytes

	TLymphocytes
	The Role of Non-Coding RNA in the Spinal Cord in CIBP

	Brain Mechanism
	Treatments for CIBP
	Future Directions and Conclusions
	Acknowledgments
	Disclosure

